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Abstract
Objective: The presence of a chest tube is a factor significantly associated with postoperative pain and functional limitation in
patients submitted to pulmonary resection. Our aim was to study if early removal of the chest tube is the better way that can
effectively release pain, and improve pulmonary functions without increasing the risk of postoperative complications.
Methods: A prospective observational study was carried out on 88 patients who underwent lung resection by posterolateral thora-
cotomy.A single chest tubewas inserted. Criteria for chest tubes removalwerewhen air leak resolved and the fluid drainagewas 350ml/
day or less provided that the drained fluid was macroscopically non-chylous and non-hemorrhagic. Static and dynamic pain scores and
forced expiratory volume in the first second (FEV1) were assessed 2 h before and after the chest tube removal. The pain level was
assessed by the numeric rating scale (NRS). Twomeasurements for FEV1were performed both before and after the chest tube removal,
and the best value measured at each time was recorded and used for the analysis. Postoperative complications were reported.
Results: The mean static and dynamic pain scores were decreased significantly after chest tube removal. The mean value of FEV1/
Liters and FEV1% of predicted also showed statistically significant improvement after chest tube removal. 8 (9%) of patients
developed pleural effusion. 5 (5.7%) of patients developed pneumothorax. Empyema was reported in 3 (3.4%) of patients.
Conclusion: Early removal of chest tube may have beneficial effect on control of post-thoracotomy pain, improvement of pul-
monary functions and decreasing the risk of complications after lung resection.
Copyright © 2016, The Egyptian Society of Cardio-thoracic Surgery. Publishing services by Elsevier B.V. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction
Chest tube placement following pulmonary lobectomy is common modality. Postoperative pleural effusion is
drained and in case of an air leak, development of tension pneumothorax is prevented. Still much controversy exists
about management of chest tubes in postoperative period [1].
Fast recovery after operation has been the hotspot of recent researches. Postoperative pain not only increases
patient suffering, but also increases the risk of infection and prolongs the length in hospital. The pain is usually caused
by incision and irritation of chest tube [2].* Corresponding author. Tel.: þ20 1277280480.
E-mail address: mnt_swy@yahoo.com (M.E. Abd Elaziz).
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postoperative outcome including pain pulmonary functions, and incidence of postoperative complications.
2. Patients and methods
2.1. Study design
Between June 2012 toMay 2015, and after approval of Menoufia Ethic's committee and a signed informed consent by all patents
for the study protocol, we conducted a prospective longitudinal study on 88 patients who underwent lung resections for both
neoplastic and non-neoplastic lung diseases in Menoufia University hospital.
Patients excluded from the study were with: (a) double chest tubes (b) prolonged air leak >7 days, (c) patients needing post-
operative mechanical ventilation, (d) patients reopened for bleeding, (e) surgery on chest wall or diaphragm, (f) Patients with a non-
functioning epidural catheter and (g) Patients lost to follow-up. None of them underwent VATS resection.
All patients had a thoracic epidural catheter, which was inserted just prior to induction of general anesthesia and removed on the
third postoperative day.
All patients had the standard posterolateral thoracotomy with division of the latissimus dorsi muscle and preservation of the
serratus anterior muscle by the same surgical team. All intraoperative measures were done to prevent air leak including stapling or
manual suturing and meticulous hemostasis was done to decrease the amount of blood loss. All patients were extubated in the
operating theatre after completion of the surgery. We left a single chest tube (30 French) with the tip positioned mid-posteriorly and
connected to the underwater seal. A chest roentgenogram (CXR) was performed one to 2 h after the procedure.
Criteria for chest tubes removal are when air leak resolved (air leakage was evaluated as no bubbles were seen in the water seal
when the patient coughs) and the fluid drainage was 350 ml/day or less provided that the drained fluid was macroscopically non-
chylous and non-hemorrhagic. One post-removal CXR was performed before discharge.
Postoperative analgesic protocol was similar in all patients. It consisted of intravenous infusion of 1 g of paracetamol every 8 h
in the first two days then oral paracetamol during the following five days in addition to non-steroidal anti-inflammatory drug
(Ketorolac 30 mg IM twice daily) and on demand doses in the epidural catheter (10 ml of 0.25% bupivacaine).
Static and dynamic pain and FEV1 were assessed in the same patients 2 h before and after the chest tube removal by the same
operator for each of them and in the same conditions.
No analgesics were administered before or after the chest tube removal that could have potentially affect the analysis. All
patients were seated in bed in a semi sitting position. The pain level was assessed by the numeric rating scale [range 0: no pain,
range 10: severe pain]. This scale uses a 10-cm horizontal line whose left extremity indicates the absence of pain and whose right
extremity indicates the worst pain ever experienced [3].
FEV1 was measured by using spirometry (Cosmed®). A spirometer connected to a rigid plastic mouthpiece, was used to
measure FEV1. The operator was responsible for preventing any type of leaks, optimizing the fitting of the mouthpiece to the lips of
the patients. A nose clip was used to avoid air leaks through the nose of the patients.
Two measurements were performed both before and after the chest tube removal, and the best value measured at each time was
recorded and used for the analysis. Bronchodilators were not used in these patients.
The primary outcome of this study was pain, which was measured by a well-trained physician using the numeric rating scale
from 0 to 10 which was explained to all patients preoperatively and was recorded 2 h before and after Chest tube removal. Also
FEV1 is one of the primary outcomes included in the study.
The secondary outcomes include postoperative complications before and after discharge for one month.
2.2. Statistical analysis
Based on the total number of patients received thoracotomy and the prevalence rate of post-thoracotomy pain reported in
previous studies [4], sample size was calculated to be 83 patients with 95% confidence interval. Two types of statistics were
done: descriptive: e.g. percentage (%), mean and standard deviation (SD), and analytic statistics: e.g. The Wilcoxon signed
rank test for measuring pre-removal and post-removal pain and FEV1 changes. Comparisons of data were made with the
overall a error set at 0.05 (two-tailed). Analyses were conducted with the SPSS version 20 software (SPSS, IBM. Chicago, IL,
USA).
3. Results
Patients prospectively allocated to this study were 110 patients. We excluded 22 patients either because they didn't
met the inclusion criteria, (n ¼ 9) or refused to participate, (n ¼ 5), or lost to follow-up, (n ¼ 6) and prolonged air
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developing postoperative complications (Fig. 1).
Baseline characteristics and operative data are presented in Table 1 for the 88 patients included, with regard to age,
sex, body mass index (BMI), preoperative forced expiratory volume in the first second (FEV1) type of resection,
durations of chest tube and hospital stay where mean duration of chest tube was 2.07 days and mean duration of
hospital stay was 5.81days. The mean value of static pain score was 3.33 ± 0.84 before chest tube removal and
decreased significantly to 1.49 ± 0.63 after removal (p-value < 0.001). Also the mean value of dynamic pain score
decreased significantly from 4.53 ± 1.26 before chest tube removal to 2.55 ± 1.12 after removal (p-value <0.001).
Table 2, Fig. 2.
The mean value of FEV1 also showed statistical significant improvement from 1.62 ± 0.56 L before chest tube
removal to 1.72 ± 0.52 L after tube removal (p-value ¼ 0.02). Table 2, Fig. 2.
Also FEV1 improved from 55.11% of predicted value before removal of the tube to 59.23% of predicted value after
tube removal (p value ¼ 0.01) Table 2, Fig. 3.
Table 3 showed postoperative complications as pleural effusion. We found that 3.4% (3/88) of patients developed
pleural effusion during hospital stay. However, during 30-days follow-up after discharge, only 5.6% (5/88) of patients
developed pleural effusion. Also 2.27% (2/88) of patients developed pneumothorax during hospital stay and 3.4% (3/
88) during 30 days follow-up. Collectively, pneumothorax was reported in 5.7% of studied patients. All of these
patients had chest tube reinserted, and complete resolution happened within few days, This pneumothorax mostly was
due to incomplete lung expansion.
Empyema was reported in 3.4% (3/88) of patients during 30 days follow-up for whom chest tube was inserted.Fig. 1. Flow diagram of patients included in the study.
Table 1
Patients Baseline Characteristics and operative data.
Age (mean ± SD) 55.1 ± 10.5
Range 40e75
Sex n (%)
Male 55 (62.5)
Female 33 (37.5)
BMI (mean ± SD) 22.6 ± 2.67
Range 18e28
FEV1 L (mean ± SD) 1.60 ± 0.53
Range 0.6e2.4
Diagnosis n (%)
Neoplastic 10 (11.35)
Non-neoplastic 78 (88.65)
Type of resection n (%)
Upper lobectomy (Rt &Lt) 52 (59.09)
Lower lobectomy (Rt &Lt) 31 (35.2)
Wedge resection 5 (5.68)
Chest tube duration (mean ± SD) 2.07 ± 0.79
Duration of hospital stay (mean ± SD) 5.81 ± 1.23
FEV1: forced expiratory volume in first second, BMI: Body mass index.
Table 2
Comparison between primary outcomes (pain& FEV1) before and after Chest tube removal.
Variables Before chest tube removal (n ¼ 88) Mean ± SD After chest tube removal (n ¼ 88) Mean ± SD W -test P value
Static pain 3.33 ± 0.84 1.49 ± 0.63 6.79 <0.001**
Dynamic pain 4.53 ± 1.26 2.55 ± 1.12 6.61 <0.001**
FEV1 Litres 1.62 ± 0.56 1.72 ± 0.52 2.27 0.02*
FEV1% 55.11 ± 18.12 59.23 ± 18.08 2.55 0.01*
W ¼Wilcoxon Signed rank, ** highly significant p-value, *significant p-value, FEV1: forced expiratory volume in first second in liters.
Fig. 2. Changes in pain scores and FEV1/Liters.
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Fig. 3. Improvement in FEV1% of predicted after Chest tube removal.
Table 3
Complications needed readmission and intervention.
During hospital stay (n ¼ 88) 1-month follow-up (n ¼ 88)
Pleural effusion 3 (3.4) 5 (5.6)
Pleurocentesis 2 (2.27) 2 (2.27)
ICT 1 (1.18) 1 (1.18)
No intervention 0 (0) 2 (2.27)
Pneumothorax 2 (2.27) 3 (3.4)
ICT 2 (2.27) 3 (3.4)
No intervention 0 (0) 0 (0)
Empyema 0 (0) 3 (3.4)
Total complications 5 (5.6) 11 (12.5)
All values are in number (percentage of total 88 patients), ICT: intercostal chest tube.
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4.1. Assessment of postoperative pain intensity
Since decades surgeons used to observe their patients feeling better and breathing more freely after removal of their
chest tubes. However, there is no scientific data in the literature substantiating this empirical observation with the
exception of the indirect demonstration that the use of single tube is superior to double tubes in terms of chest pain
[5e7].
Before and after the chest tube removal the numeric rating scale (NRS) was applied for pain degree evaluation as
this scale is considered as an effective pain measurement test in clinical practice [8].
For assessment of postoperative pain especially in the elderly patients the numeric pain scale is a preferred tool to
visual analogue scale [3,9].
The verbal categories mild, moderate, and severe pain may correspond to different values on the visual analogue
scale (VAS) in the same patient on different occasions, whereas the NRS and VAS values generally agreed well. Thus,
a categorical pain scale should be used only as a coarse screening instrument, and more accurate pain intensity
assessment should rely on an NRS or VAS, even in routine clinical assessment [10].
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understand for most people, and does not need clear vision, dexterity, paper, and pen. One can even determine the
intensity of pain accurately using telephone interview, a computerized telephone interview, and recording of NRS data
by the patient directly into the database of a computer via the telephone keyboard [10].
In our study, we reported a statistically significant static pain relief after early chest tube removal from before,
where the mean pain score was 3.33 ± 0.84 before tube removal and decreased to 1.49 ± 0.63 after removal.
We observed that pain score was decreased after early chest tube removal by 55.25%. This percentage is nearly
similar to that reported by Fang et al. [2] who had a study in 2014 on feasibility and safety of early chest tube removal
after complete video-assisted thoracic lobectomy, and in their subcategory open thoracotomy group, pain score was
improved by 56.1%.
We observed that pain score improvement percentage (55.25%) was higher than that reported by Refai et al. [4],
who reported statistical significant improvement of static pain score after chest tube removal by using the NRS with
percentage of 42.3%.
Assessment of the intensity of acute pain at rest after surgery is important for making the patient comfortable in
bed. However, adequate relief of dynamic pain during mobilization, deep breathing, and coughing is more important
for reducing risks of cardiopulmonary and thromboembolic complications after surgery.
Immobilization is also a known risk factor for chronic hyperalgesic pain after surgery, becoming a significant
health problem in about 1%, a bothersome but not negligible problem in another 10%. Effective relief of dynamic pain
facilitates mobilization and therefore may improve long-term outcome after surgery [11].
Assessment of pain only at rest will not reveal differences between more potent pain relieving methods, such as
optimal thoracic epidural analgesia, compared with less effective epidurals or systemic opioid analgesia, systemic
opioids can make the patient comfortable, even after major surgery, when resting in bed. However, severe dynamic
pain provoked by movements necessary to get the patient out of bed, and mobilizing bronchial secretions by forceful
coughing, cannot be relieved by systemically administered potent opioids without causing unacceptable adverse
effects [12].
So, we measured also dynamic pain scores beside the static pain score on the same NRS scale and found a sig-
nificant decrease of mean dynamic pain score by 43.7% after early tube removal where it was 4.53 ± 1.26 and
decreased to 2.55± 1.12 which was nearly similar to that reported by Refai et al. [4] who used the same pain scale with
41% improvement percentage.
4.2. Assessment of pulmonary functions
FEV1% was selected as it is the most frequently used parameter for pulmonary function evaluation and is easy to
measure at the bedside of the patient.
We found significant improvement in the predicted FEV1% especially after chest tube removal where it increased
from 55.1% to 59.2%, which was lower than that reported by Refai et al. [4] where they reported FEV1% values of
53% before tube removal and 60.2% after removal.
In our study, FEV1% improved in patients whom chest tubes were removed early (PO day 1, 2, 3). During early
postoperative days after lung resection there is some sort of functional loss. An early chest tube removal may help
patients to recover their respiratory function potentially preventing complications.
Verla et al., in 2006, applied a multi-centre study, they found that predicted postoperative FEV1 underestimates the
real loss of FEV1% in the immediate postoperative period when most of the cardiorespiratory complications occur
[13].
4.3. Assessment of postoperative complications
Several prospective randomized controlled studies have tried to assess the best strategy for chest tube management
after lung resection. These trials have mainly focused on assessing the differences in air leak duration, incidence of
prolonged air leak, chest tube duration, and length of stay between the groups of patients managed with different
protocols [14].
This interest has been mainly driven by an economic interest on the side of the providers since the chest tube
duration is one of the most important factors influencing the hospital stay and hence costs [15].
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5.81 ± 1.23 days, which were lower than that observed by Bertholet et al. [1] when they used high threshold volume
>400 ml for early chest tube removal.
Brunelli et al., have shown that fast-track pulmonary surgery for selected groups of patients can reduce length of
hospital stay and costs with minimal morbidity and good patient satisfaction [16].
With early chest tube removal we reported less number of patients with postoperative complications which required
readmission. Total pleural effusions were 9% (8/88), only 6.7% (6/88) of them required intervention either pleuro-
centesis or chest tube. Percentage of pneumothorax was 5.7% (5/88) and empyema was 3.4% (3/88). These results
were near to that reported by Bertholet et al. [1] when they used high threshold volume >400 ml for early chest tube
removal in their new protocol group.
Also our percentage of patients who developed pleural effusion was nearly similar to that reported by Fang et al.
[2], where the frequencies of recurrent pleural effusions requiring reintervention were 5.26% (3/57) regarding their
open thoracotomy group.
Our study may have the following limitations: First; as pain is such a subjective, personal, and private experience,
assessing pain in patients with whom we cannot communicate well is difficult, most of all in patients suffering
cognitive impairment and dementia. Pain assessment scale may be used for worst, least, or average pain over the last
24 h, or during the last week. There are some limitations with this, as memory of pain is not accurate and often
coloured by changing context factors.
Second; the power to detect a difference in pain intensity was shown to be higher with a large difference. This
means that if baseline pain is high before pain relief is initiated, an effective treatment will be able to cause a larger
change in pain intensity than a less effective treatment. The power of a trial to detect a large difference is high,
compared with a trial where the baseline pain intensity is low and even a very effective treatment will cause only a
small change in pain intensity. When comparing a simple, weak analgesic with a potent analgesic drug in patients with
only mild baseline pain, they will both relieve the mild pain and appear to be equally effective.
5. Conclusion
Rapid removal of chest tube may influence the quality of life and patient satisfaction through control of post-
operative pain, improvement of pulmonary functions and decreasing the risk of pulmonary complications after lung
resection. The early removal of a chest tube may have some financial benefits that could be gained through decreasing
duration of hospital stay.
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